Role of folylpolyglutamate synthetase in the regulation of methotrexate polyglutamate formation in H35 hepatoma cells.
The effect of culture conditions on the glutamylation of methotrexate by intact H35 hepatoma cells and folylpolyglutamate synthetase (FPGS) activity in the corresponding crude extracts has been examined. The rate of cellular glutamylation of methotrexate observed in rapidly dividing cultures was 4-fold higher than confluent cultures, and was accompanied by an increase in extract FPGS activity (2.2-fold). The depletion of cellular folates produced comparable increases in both cellular methotrexate glutamylation and extract FPGS activity (approximately 1.8-fold). Near-quantitative reductions in cellular methotrexate glutamylation were caused by media additions of reduced folates and methotrexate to confluent cultures of wild-type and folate-depleted H35 cells. However, these produced relatively modest reductions in FPGS activity in the corresponding crude extracts (approximately 50%). Methionine exclusion resulted in a greater than 50% decrease in FPGS activity in crude extracts of these cells compared to extracts of control cultures. The combination of methionine exclusion and folinic acid addition lowered the FPGS activity to less than 25% that of control. The data suggest that the changes in the glutamylation rate of methotrexate in whole cells due to culture conditions such as folate restriction, reduced folate addition, methionine exclusion, and growth state are at least in part a consequence of alterations in FPGS activity. This conclusion is consistent with the proposition that the metabolism of slow-acting substrates for FPGS (such as 4-amino antifolates and their corresponding polyglutamates) may be sensitive to changes in enzyme levels or activity (Cook et al., Biochemistry, 26: 530-539, 1987). Analysis of the products formed by FPGS from extracts using methotrexate as the substrate revealed no significant amounts of polyglutamate species higher than 4-NH2-10-CH3-PteGlu3. In contrast, when using the thymidylate synthase inhibitor N10-propargyl-5,8-dideazafolic acid as the starting substrate under identical assay conditions, FPGS from extracts catalyzed the formation of predominantly long chain polyglutamate derivatives (Glu4 and higher). These results reflect the relative efficacy of methotrexate and N10-propargyl-5,8-dideazafolic acid, as well as their polyglutamate derivatives, as substrates for FPGS.